I. A study was made of factors affecting the plasma concentrations of free amino acids (PAA) and urea (PU) in calves receiving liquid diets.
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how PAA and PU concentrations were influenced by factors such as animal-toanimal variation (Iob, McMath & Coon, 1963) 
E X P E R I M E N T A L
Animals and feeding
A total of eighteen Friesian bull calves, aged between I and 16 weeks, was used.
All newborn calves were reared for 2 d on colostrum and thereafter on a whole-milk diet given at a rate (approximately 0.05 kg/kg live weight) sufficient to maintain an increase in body-weight of about 0.25 kg/d (Roy, Shillam, Hawkins & Lang, 1958).
The milk given to calves over 3 weeks of age was supplemented with iron, manganese, copper, magnesium, retinol, a-tocopherol and cholecalciferol (Coombe & Smith,
Effect of time of sampling after feeding. Four calves were given equal amounts of the whole-milk diet twice daily at 10.00 and 17.00 hours. Samples of jugular blood were taken from each animal at 35 d of age and at 10.00, 11.00, 12.00, 13.00, 14.00, 15.00, 16.00, 18.00, 20.00, 22.00, 24.00, 02.00, 04.00, 06.00, 08.00 and 10.00 hours.
Variation between and within animals at dzjferent ages. Jugular blood samples were taken at 13.00 hours from calves given equal amounts of whole milk twice daily at 10.00 and 17.00 hours. Such samples were taken from ten calves at 5 weeks of age and from two calves at weekly or 2-weekly intervals between 2 and 9 weeks of age.
Methionine requirements. or a multichannel (Evans Electroselenium Ltd, Halstead, Essex) amino acid analyser was used for amino acid analysis.
Blood plasma. The free amino acids in blood plasma samples were determined by the method of Spackman et al. (1958) using the multichannel amino acid analyser (EEL, Halstead, Essex). The concentrations of tryptophan and proline in calf plasma were too low for estimation under our conditions. Urea-N was estimated using a Technicon AutoAnalyzer (Technicon Instruments Co. Ltd, Basingstoke) using the method of Technicon Instruments Corp. (1967). A dialyser was incorporated into the AutoAnalyzer so that it was unnecessary to deproteinize the plasma chemically.
RESULTS
Factors affecting plasma composition
Time of sampling. The amino acid and urea concentrations in the jugular blood plasma of four calves (given cow's milk) at various times during a 24 h period are shown in Fig. I . After the morning feed there was a small decrease in PU concentrations and a larger decrease in total PAA concentrations between 10.00 hours and 13.00-14.00 hours, followed, in the instance of PU, by a slight increase between 14.00 and 16.00 hours. There was no marked change in PU or total PAA concentrations after the evening feed. Most individual amino acids showed similar patterns of change to that of the total PAA. In subsequent comparative experiments blood samples were taken at 13.00 hours.
Variation between and within animals. The PAA and PU concentrations of calves given cow's milk are given in Table I . Results for two calves sampled at weekly or 2-weekly intervals between 2 and 9 weeks of age (two calves, 50-65 kg live weight) showed that the variation in plasma methionine, isoleucine, leucine, phenylalanine, tyrosine and total PAA concentrations was significantly or nearly significantly greater between than within animals. PU, individual and total PAA concentrations in individual samples from ten calves at 5 weeks of age (mean live weight i-SE, 51 f 1.4 kg) also showed very wide between animal variations. Little variation with age was apparent in PU and PAA concentrations (Fig. 2) and within any one animal, background variation appeared sufficiently low to permit satisfactory interpretation of changes (or lack of changes) induced by dietary changes. Methionine requirements. No significant difference was found between the vaIues for PAA and PU obtained at the start and finish of each series of treatments with whole milk and the unsupplemented synthetic diet. For example, the plasma methionine concentrations for two calves (mean values f SE) given milk were 38.9 f 4.9 and 47.8 & 0.8 pmol/l for the pre-and post-treatment samples respectively; corresponding PU concentrations were 3784 & 500 and 3677 & 393 pmol/l respectively. For the same two calves given the unsupplemented synthetic diet the plasma methionine https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19750020
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between sampling times within calves.
5 Includes glutamine and asparagine.
concentrations (mean values +_ SE) were 19.0 ~t 1.0 and 18.5 i-2.5 pmolll for the preand post-treatment samples respectively; corresponding PU concentrations were 5747 +_ 214 and 5569 & 179 pmolll respectively. These results suggest that plasma methionine and urea were not affected by time. Thus the effects of varying the level of methionine in the diet (described below) may therefore be assumed the true effects of methionine despite the non-random distribution of treatments with respect to time. PU concentrations in the two calves increased markedly from 3784 & 500 to 5747 214 ,umol/l when the semi-synthetic diet simulating milk, but deficient in methionine, was given instead of cow's milk. Supplementation of the deficient diet with methionine led to a marked fall in PU when the supplements were small, but showed little response to increasing amounts of supplementary methionine when the supplements were large (Fig. 3a) .
Two regression equations were calculated, one for levels of dietary methionine considered to be below the requirement and one for levels above the requirement. VOl. 33
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The linear regressions of PU (yl) v. methionine in the diet (g/d), below (xD) and above (xE) the requirement were: calf 301 : y1 = 6165-968" X , (residual SD 500, 3 df); y1 = 2 2 0 3 -5 1~~ xE (residual SD 71, I df), calf 351 : y1 = 6765-1464** x , (residual SD 250, 2 df); y1 = 1607 f o xE (residual SD 0, 2 df) (significance levels: NS, P > 0.05; *P < 0.05; **P < 0.01). The point of intersection of the two regression lines was taken to be an estimate of the requirement.
The methionine requirements for the two calves (P < 0.05) were 4.2 (3.1, 4.8) and 3.5 (3.0, 4-7) g/d for calves 301 and 351 respectively.
In the same two calves plasma methionine concentrations fell markedly from 38.9 f 4.9 to 19.0 f 1.0 ,umol/l when the animals were given the methionine-deficient diet instead of milk. Increasing methionine supplements had little effect on plasma methionine when the supplements were small, but caused plasma methionine to increase markedly when the supplements were large (Fig. 3b) . Two regression equations were calculated, one for levels of dietary methionine considered to be below the requirement and one for levels above the requirement. The linear regressions of plasma methionine (yz) on methionine in the diet (g/d), below (xD) and above (xE) the requirement were:
calf 301 : yz = 8.1 + 9.0"" X, (residual SD 8.7, 3 df); calf 351 : y 2 = 17.1 + 10.9" x , (residual SD 7-7, 3 df); yz = -I 16.0 + 37-5" xE (residual SD 2.2, I df), y 2 = -101.8 + 36.3"" xE (residual SD 6.7, I df) (significance levels: *P < 0.05, **P ,< 0.1).
From the point of intersection of the two regression lines the estimated methionine requirements for the two calves (P < o -o~) , were 4-4 (3.1, 48) and 4-7 (3.5, 5.1) g/d for calves 301 and 351 respectively.
D I S C U S S I O N
The findings, that calves given milk showed decreases in PAA and PU concentrations soon after the morning feed, are in contrast to the usual changes in simplestomached animals. For these animals it has often been shown (Munro, 1970; Porter & Rolls, 1971 ) that there is an increase in PAA and PU concentrations between o and 3 h after a meal containing protein. Patureau-Mirand, Prugnaud & Pion (1971) also found, for calves given milk, that the concentrations of most individual PAA decreased after feeding and both they and Nitsan, Volcani, Gordin & Hasdai (1971) observed decreases in PU at this time, although to different extents. The reasons for responses in PAA and PU concentrations in the preruminant calf being different from those in other simple-stomached animals are not yet clear although they may be related to the fairly slow and uniform flow of N compounds from the abomasum to the duodenum after a calf is given a milk feed (Mylrea, 1966). Patureau-Mirand et al. (1971) found that calves given synthetic diets containing proteins which did not form a clot in the abomasum, showed a different pattern of PAA response with time after feeding, compared with calves given milk. However, neither Patureau-Mirand et al. (1971) nor Nitsan et al. (1971) found any appreciable differences in PU responses with time after feeding due to such dietary differences.
Our findings of considerable between-animal variation in PU and PAA concentrations are in agreement with those of Boling, Bradley & Willard (1972) , Reece & Wahlstrom (1972) and Thornton, Butler & Willoughby (1973) .
Results for the effects of age on total PAA concentrations (Fig. 2) indicated that between 2 and 9 weeks little change occurred. The same was generally true for the individual amino acids although this is shown only for methionine in Fig. 2 . The decreases in most of the individual plasma amino acids of the calf found by Leibholz (1965) between birth and 4 weeks of age occurred mainly in the first 2 weeks. Many other species have been found to show a decrease in PAA concentrations in the first few weeks after birth (Munro, 1970) .
Although there were some differences in the proportions of individual amino acids present the mean value for total concentrations of PAA established in milk-fed calves older than 2 weeks (1689 ,umol/l) was similar to that found (1925 ,umol/l) for ruminating calves aged 16 weeks and receiving different diets (Williams & Smith, 1974) . Concentrations of PU on the other hand differed greatly between the different groups of animals and between preruminant calves given liquid diets of differing amino acid composition. This was seen both in the present experiments and in calves transferred from milk to diets which were tryptophan-deficient (Williams & Smith, 1973) . As in other species PU concentrations in the calf depend greatly on the diet. When a constant diet of cow's milk was given then our findings (Fig. 2 ) agreed with those of Reece % Wahlstrom (1972) and of Thornton et al. (1973) in showing little change in PU concentrations with age. Leibholz (1965) found considerable variation in PU concentrations with age for calves up to 4 weeks of age. Only the results of Nitsan, Volcani, Hasdai & Gordin (1972) showed a fall in PU with age for the calf, similar to that shown by other species (Munro, 1970 
